REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 73, NUMBER 3 MARCH 2002

Insertion device operating experience at the Advanced Photon Source

John Grimmer,2 Mohan Ramanathan, Martin Smith, and Michael Merritt
APS Operations Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, lllinois 60439

(Presented on 22 August 2001

The Advanced Photon Source has 29 insertion deVi@s installed in the 7 GeV electron storage

ring; 28 of these devices, most of which are 3.3 cm period undulators, use two horizontal permanent
magnet structures positioned over a straight vacuum chamber. A support and drive mechanism
allows the vertical gap between the magnet structures to be varied, thus changing the x-ray energy
produced by the 10J. Viccaro, Proc. SPIE345 28 (1990; E. Gluskin, J. Synchrotron Radid,
189(1998]. Most of these IDs use a drive scheme with two stepper motors, one driving each end
through a mechanism synchronizing the upper and lower magnet structures. Our experience in
almost 5 yr of operating this system will be discussed. All of the IDs are in continuous operation for
approximately 10 weeks at a time. Reliability of operation is of paramount importance, as access to
the storage ring for servicing of a single ID inhibits operation for all users. Our experience in
achieving highly reliable ID operation is reviewed. Accuracy of operation and repeatability over
time are also vital. To this end, these devices use absolute optical linear encoders with submicron
resolution for primary position feedback. Absolute rotary encoders are used as a backup to the linear
encoders. The benefits and limitations of each type of encoder, and our experience dealing with
radiation and electrical noise are reviewed. The insertion devices operate down to gaps as small as
8.5 mm, with clearance over the vacuum chamber as small ag200 he vacuum chamber has a
minimum wall thickness of only 1 mm. A number of levels of safeguards are used to prevent contact
between the magnet structure and the vacuum chamber. These safeguards and their evolution after
gaining operational experience are presented.20®2 American Institute of Physics.
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I. INTRODUCTION one end of the device to the other addresses the practical

) . ) need for tapering an ID, the design of the APS ID support
The Advanced Photon Sour¢&PS) insertion device de- 414 drive mechanism allows the magnets to be fully

signed and built by STI Optronics has proven quite reliable;pereq they can literally be fully opened at one end and
and very accurate in service. We are routinely achieving betz|ysed to the point of damaging the magnets and 1D vacuum

ter than 5um gap repeatability. The majority of devices run o mper at the other. This freedom creates the need for safe-

for several years without causing any interruption of Usely ards against excessive taper to protect the chamber and the
operations. This is attributable to a solid initial design, re-

x ' , ““magnets, but it prevents a mechanical failfoaused by
finement of several subsystems over time, routine ma'nte()inding of the support and drive mechanjsitom damaging
nance, monitoring of device performance, and periodic Meghe chamber or magnets. From a kinematic viewpoint, the
chanical adjustment and cahbra}ubﬁ'. key variables in ID control are simply the magnet gaps at
The device layout is shown in Fig. 1. Key elements are g,5.y end of the device. However, due to mechanical, struc-
large, C-shaped aluminum frame, linear bearings guiding thg, 5| and packaging considerations, the drives are offset well
magnets on the closed side of the C-frame, linear encodefs fom the ends of the magnet structures. Therefore, the

spanning the gap near each end of the device, and o drig,qnet gap at each end of the device is determined by the
screws to position each magnet. The device is mounted to Bosition of both drives.

base fixed to the storage ring floor. The insertion deibe
vacuum chamber is independently supported from the open
side of the C frame by columns secured to the floor. Thdl. EXPERIENCE IN OPERATING THE INSERTION

position of the device relative to the chamber has been verEVICE

stable. Due to the size of the storage ring, periodic realign-  The ID drive scheme uses nonrotating acme screws and
ment of the vacuum chamber is required due to larger-scalfionze nuts driven by the output side of a hollow-shaft
shifts in the storage ring floor. This necessitates rea"gnme%ormgear reducer to position the magnets. A triangular link-

of the ID to the chamber, but there has not been an instancg,e is ysed to resist the reaction torque on the screw from
of a local floor shift affecting the relationship of the chambergition with the nut. While screws of this type are very

to the ID.

; ) . inefficient, this inefficiency means they cannot be back-
While an allowance foa 5 mm diference in gap from

driven, so they hold their position without requiring a hold-
ing torque on the nut. Similarly, the wormgear reducer effi-
¥Electronic mail: grimmer@aps.anl.gov ciency is poor, but the reducer cannot be backdriven; the
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pression, tension, or bending show no signs of wear after 3
yr of operation.

The linear encoders mount to a guide mechanism, which
is fixed to the magnet structures at each end of the device
with spherical bearings. This assembly is offset from the
magnets and is mounted to the side of the magnet structures,

spanning the magnet gap. A change in cant of the magnet
structureg(roll axis of the beam directioncan introduce an
error in the encoders due to the offset from the magnet cen-
terline. Careful adjustment of a heavily spring-loaded
mechanism that allows cant adjustment is required to prevent
a cant change from affecting gap accuracy.

““}Vacuum Chamber

Ill. MAIN FACTORS IN RELIABLE ID OPERATION

The stepper motors themselves are inherently well suited
to a radiation environment, and the ones used are specifically
designed with radiation-tolerant materials. There have been
FIG. 1. End view of a typical insertion device installed in the APS storageno failures of these motors. The stepper-motor drives are not
ring. particularly suited to this use due to the electrical noise they

produce and the considerable distance from the motors, re-

quiring nearly 40 ft of cable. However, noise suppression has
output shaft holds its position without a torque applied to theyeen successfully developed and implemented to prevent in-
input side. With the screw/reducer combination, the steppeferference on ID limit switch and position feedback circuits.
motors can be Used WIthOUt h0|d|ng current. In pl’aCtice, al'he drive System iS Very robust_the gear reducers have ex-
holding current on the stepper motors of 1/3 running currenhibited no failures. We replaced a number of chain sprockets

is used. The linkage for resisting screw rotation works finegue to bearing wear and replaced all of the chains prior to
but requires precise adjustment so that it can freely followtegular lubrication of them.

the movement of the screw without loading it axially, which

affects gap accuracy.
Four “drive” mechanisms are used, one for each end of V- ACHIEVING ACCURATE ID OPERATION

each magnet. Driveshafts for the upper and lower mecha- \we use an absolute linear encoder near each end of the
nisms at each end of the device are linked by sprockets angh to measure the magnet gap. As a backup, an absolute
chains to a dual-output bevel gear reducer, driven by a singlgstary encoder driven by the output of each upper worm gear
stepper motor. The drives are synchronized with the chaingedycer is also used. For the accuracy, packaging, long-term
and the ID is precisely aligned so the gap movement is symstability, and serviceability requirements of this application,
metrical about the vacuum chamber. This arrangement hasptical linear encoders are really the only practical position
proven to be very robust, but the chains need to be routinelfeedback devices available. There are differences in how the
cleaned, lubricated, or replaced otherwise their efficiency de<absolute” capability of the two encoders is achieved. The
creases after approximately 12 months of service, due to deinear encoders use two sets of markings on a common
radation of the lubricant. Other lubrication requirementsscale—an incremental track and an absolute track. The incre-
have been routine. The oil in the wormgear reducers and thgental track is read with quadrature decoding from a photo-
bevel gear reducers is replaced on a preventive maintenangetector and has proven very reliable. The absolute track is
schedule. There have been no failures of these reducers ggad with a 256-element linear charge coupled device and
degradation in their performance. Analysis of the lubricanthas been prone to degradation and ultimate failure over time
shows no unique breakdown attributable to radiation. due to radiation exposure. Subsequent shielding of the linear
A flex-disc coupling is used between the motor and theencoder read head or the entire encoder assembly with
bevel gear reducer. The coupling allows for some angulag-mm-thick lead has so far prevented further encoder fail-
and parallel misalignment between the motor and reduceures. The rotary encoder uses a more complex scale with a
We have had several failures of the flex disks, which are &ingle photodetector. We have had a small number of failures
fiber—resin composite. When the disk fails, the device came believe were caused by radiation damage, but these were
still be driven, but the speed must be reduced due to backlasfither in early operation in a sector wia 5 mmvertical
in the coupling causing an impulse torque. We speculatedperture or in a sector where large intentional beam missteer-
that the disk failures were due to radiation damage, as thing was done.
disk lies close to the plane of the stored beam. Further testing The encoders are calibrated three or four times a year
has led us to attribute the failures to improper installation ousing measurements of reference gauge pads on the magnet
handling of the coupling during assembly and installation.structures. These pads allow measurement of a precise ana-
Couplings assembled with the proper torque on the screw®g to the ID gap even with the device spanning an ID
securing the disks, and then installed without excessive comvacuum chamber. This calibration allows typical unidirec-
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tional repeatability of the ID gap at each end to withip®  prevents the insertion device from breaking itself and also
or better and typical bidirectional repeatability to within 25 prevents contact with the vacuum chamber as long as the ID

pum or better. gap is not tapered. A final type of limit switch is used to
indicate whether an ID is closed to a gap at which x rays are
V. SAFEGUARDS FOR ID OPERATION produced. These beam position limit detection switches are

made when the device is opened large enough that the ID is

Software limits establish the normal operational limits : : .
for an ID gap. The maximum gap is simply a function of the producing essentially no power. The proper operation of all
the limit switches on each installed device is verified during

ID mechanism. The minimum limit is based on consideration ) .
of the power handling capability of front-end components,eaCh malntenance period. : « -
the minimum gap required by the user, the minimum practi- The maximum gap hardstop design and the _relay I|m|t_
cal gap for the type of ID magnet structure, the mechanica'lmplememat'(_)n_ both eyolved from past opera_t INg expert-
capability of the device, and the vertical size of the ID &Nce- The 0“9"_‘&" maximum gap hardstop design was out-
vacuum chamber. A separate “beamline limit” can also beboard of the drive screw; it served as a fulcrum during a

set to a user-specified value to independently raise the oper?—rge taper condition, creating sufficient leverage to stress the

tional limit of the ID to protect beamline components from screw coupling beyond its design limit. The minimum gap

excessive power. Typically, 0.5 mm beyond each softwaré'm't switches now hardwired through the relay chassis were

limit are motor step-count limits, independently limiting the °r'9'”a'_'y processed through a Ioglc Ch'p, as theiother limit
distance a motor will move. switch inputs are. The relay chassis provides an independent

Limit switches are used to prevent unwanted ID gap mo_chain of safety in the event of a failure of the logic or motor

tion and to indicate ID gap statd€One maximum gap limit controller card.

switch and two minimum gap SWItChe.S are used at ea_ch e”\9|_ CONCLUSIONS

of each magnet structure. These switches are only hit if an

out-of-design condition, such as erroneous encoder feedback, A few design and operational elements have been key to
occurs with the control system. The maximum gap limitsuccessful operation of the insertion devices. Optical linear
switches and half the minimum gap switches are used agnd rotary encoders have been reliably used for position
logic inputs. When such a switch is hit, the device gap can béedback in a harsh radiation environment, partly due to lead
restored remotely to the normal operating range by APS opshielding of several forms to minimize radiation damage.

erations personnel. The other four minimum gap limitStepper motors are ideally suited to the radiation conditions
switches are hardwired to a relay chassis and are set to trip and have been completely reliable. The electrical noise prob-
a gap slightly smaller than the logic switches. The relaylems of the stepper-motor chopper drives have been ad-
chassis provides input power to the stepper-motor drives andressed through filtering and careful cable routing. A simple

interrupts this power when a limit switch is hit. Due to the mechanism incorporating chains and sprockets to link upper
seriousness of such an event, the device gap must then eitt@fd lower magnet drives has proven reliable and readily
be manually openetequiring an access to the storage jing maintainable.

or the input relay chassis must be manually bypassed to al-

low motor operation after diagnosis of the cause of theACKNOWLEDGMENT
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